Introduction
The small probabilities of synthesis of new superheavy elements at GSI (Darmstadt, Germany), Joint Institute for Nuclear Research (Dubna, Russia), and RIKEN (Wako, Japan) during the last decade stimulate the experimental and theoretical studies of the nuclear reaction mechanism.
In preparation of these experiments, the main aim is to reach maximum cross sections of the yield of evaporation residues (ER) as a result of the de-excitation of the heated compound nucleus which is formed in complete fusion of the projectile and target nuclei. Because the ER excitation function in the synthesis of superheavy elements has very narrow width for "cold fusion" reactions (5-10 MeV) with 208Pb and 209Bi targets and the width of the "hot fusion" reactions with 48Ca projectile on actinide targets is more wider (15) (16) (17) (18) (19) (20) . It is interesting to compare "hot" (E*C N > 30 MeV) and "cold" (E*CN < 25 MeV) fusion reactions. In the "hot fusion" 30Si + 238U reaction, sufficiently low ER cross section 70 pb for the synthesis of superheavy element 263Sg in 5n -channel was observed while the isotope 260Sg was obtained with large cross section 2500 pb in the "cold fusion" 54Cr + 208Pb reaction . The smallness of the ER cross section in the "hot fusion" 30Si + 238U reactions is explained by the small survival probability of the compound nucleus with the excitation energy 50 MeV at de-excitation of 5 neutrons.
The use of the 48Ca beam leads to the relatively high cross section of the evaporation residues due to large binding energy of 48Ca. Therefore, the maximum of cross section of the yield of superheavy elements corresponds to 35 MeV while in the "hot fusion" reactions the maximum value of evaporation residues yield is observed at 50 McV.
So, for experiments it is important to know the favorable range of beam energy before experiments. The use of the "cold fusion" reactions with projectiles 50Ti, 54Cr, 56Fe, 64Ni, and 70Zn on the 208Pb and 209Bi targets succeeded in synthesizing superheavy elements Z =102, 104, 106, 108, 110, 111, and 112 in GSI while the use of 48Ca projectile and actinide targets allows one to synthesize more heavy superheavy elements Z 114, 115, 116, and 118 in JINR. The last experiments of "cold fusion" reactions were performed in RIKEN where the new element Z =113 was observed in the 70Zn + 209Bi reaction. Z = 113 seems to be a heaviest superheavy element which was obtained in "cold fusion" reaction due to drastic decrease of fusion probability with increase of the projectile charge number in reactions with 208Pb and 209Bi targets.
The way to obtain nucleus as possible less excited seems to be preferable but in this case amount of formed compound nuclei may be very small due to a hindrance at its formation, i.e., very small complete fusion cross section. As a result yield of superheavy elements will be extremely small to be observed. Therefore, it is important to increase fusion cross section by increase of the beam energy. But the survival probability of a hot compound nucleus should not decrease so much by increase of excitation energy to avoid decreasing of the yield of ER. Note we should avoid the large values of compound nucleus angular momentum (l) which decreases strongly its survival probability. The actinide nuclei are mainly prolate deformed. The distribution in the space of the orientation angles of their axial symmetry axis a to the beam direction is arbitrary. The dependence of the complete fusion probability on a allows us to calculate the beam energy providing a large partial fusion cross section with small angular momentum of compound nucleus. In this work we will analyse the role played by shell structure and orientation angles of the symmetry axis of colliding nuclei in formation of ER. The rotated Binuclear system (DNS) is formed as intermediate stage in deep-inelastic collisions, quasifission, complete fusion, and fast-fission reactions with the different lifetime. The complete fusion of nuclei occurs through the stage of formation of DNS which can evolve to the hot compound nucleus in competition with breaking up after the intense nucleon transfer between its constituents (quasifission). In reactions with massive nuclei, the contributions of the quasifission fragments are dominate in comparison with ones of fusion-fission mechanism. The mass distribution of the quasifission fragments can have different shapes including the symmetric shape of fusionfission reaction fragments as a function of the beam energy, initial mass asymmetry, and shell structure of reacting nuclei. In the analysis of experimental data there are diffculties in separation of fragments according to their origination to estimate the experimental cross sections of different mechanisms. It is important to study all three stages of reaction with massive nuclei in synthesis of superheavy elements to determine the optimal beam energy providing as possible larger values of the ER cross sections. formed without formation of compound nucleus but their mass distribution may have a shape of the one of fission fragments. Unfortunately, in analysis of the experimental data, it is diffcult to separate the pure fusion-fission fragments from the fragments of quasifission. Due to full momentum transfer in both reactions their fragments have similar total kinetic energy distribution. As a function of the initial orbital angular momentum and beam energy of the projectile the mass distribution of the quasifission fragments can be overlapped with the one of fusion-fission fragments. In these experiments the angular distribution was not measured and, therefore, there is an ambiguity in extraction of fusion cross section from the measured binary fragments of full momentum reactions. Theoretical calculations are not free from some assumptions and free parameters as a radius parameters r0. Therefore, the exact ratio of contributions of quasifission and complete fusion fragments into measured data is still questionable. In Figure 1 , the fission barrier of the heated compound nucleus is also presented as a function of excitation energy. The cross sections of evaporation residues formation are described well by use of the advanced statistical model. In this model, the damping of the nuclear shell correction by increase of angular momentum of compound nucleus is taken into account. The spin distribution of compound nucleus plays the decisive role in calculation of survival probability. It is formed by the partial fusion cross sections which are determined by the features of potential energy surface of DNS and friction coeffcients (radial, tangential) for the given value of the beam energy and initial orbital angular momentum L0. Note the potential energy surface is a function of the orientation angles of the axial symmetry axis of reacting nuclei. The small cross section at synthesis of the 277 112 element in the 70Zn + 208Pb reaction is explained by the large hindrance for complete fusion (see Figure 2 ) in "cold fusion" reactions. The strong hindrance to fusion is connected with the location of the initial charge asymmetry of this reaction in the valley corresponding to the magic nucleus 208Pb which is seen in Figure 5 . In the next section we will compare the capture and fusion cross sections for reactions under discussion.
2.1. Peculiarities of capture and fusion in hot and cold fusion reactions. In our model (see References 13 and 14) , the capture occurs if the heavy-ion collision path is in the potential well after overcoming of the Coulomb barrier and dissipation of the main part of the relative kinetic energy. In the deep inelastic collisions projectile or projectile-like fragment over- comes the Coulomb barrier from inner part to outside (exit channel) due to the smallness of dissipation of kinetic energy (see figure 1 in Reference 11). It is clear that deep inelastic collision occurs at higher energies of projectile above the Coulomb barrier than in the case of capture for a given value of the orbital angular momentum, because the friction coeffcient is not strong to trap all trajectories into potential well. The amount of energy above the Coulomb barrier determines which of these two processes occurs. If capture occurs, then we calculate the competition between quasifission and complete fusion. In collision of deformed nuclei with different orientations proportion between contributions of deep inelastic collisions and capture, as well as proportion between quasifission and complete fusion are different at the same beam energy and orbital angular momentum. To reach an agreement with the experimental data for capture cross section we take into account the deformation parameters connected to the 2+and 3collective excitations in the spherical nuclei. It was done by use of the mean-square values of the deformation parameters corresponded to above mentioned excitations. The partial fusion cross-sections, which are used to calculate the ER cross-section along the de-excitation cascade of compound nucleus, are obtained by averaging over all orientations (in detail see Reference 16) . Analysis of the dependence of the partial cross sections of complete fusion on the orientation angles of colliding nuclei showed that large fusion probability with the small values of compound nucleus angular momentum is observed in the range 30•‹-60•‹ for the orientation angles of symmetry axis for projectile and 60•‹-75•‹ for ones of the target nucleus. Some examples are shown in Figure 3 for the 48Ca + 238U reaction . So the large fusion probability is obtained at the small values of angular momentum in heavy ion collisions when orientation angles of the projectile and target symmetry axis are in the corresponding above mentioned ranges. This case is shown on the right top panel of Figure 3 . It is seen that partial fusion cross section is small for the around tip-tip (0•‹-0•‹) and side-side (90•‹-90•‹) orientations. In the former case quasifission is a dominate channel while in the latter case capture cross section is small due to shallow potential well. It is seen from Figure 4 . The maximum cross sections corresponds to those values of beam energy at which the three events of synthesis of superheavy element Z = 112 was observed in the Flerov Laboratory of Nuclear Reactions (see Figure 1 ). We The nucleus-nucleus potential (l = 0) for the 70Zn + 208Pb reaction and driving potential for the dinuclear system are showed by arrows. Intrinsic fusion barrier (B*fus ,(Zn)) for the "cold" fusion is sufficiently larger than the one (B*fus (Ca)) for the "hot" fusion reaction. Sci., Vol. The capture cross section is calculated by solution of the dynamical equations of motion for radial distance and orbital angular momentum (details see in References 13, 14, and 16) . Calculations showed that a "window" of the l values leading to capture may appear. For example, there is no capture with the values l < 30 of angular momentum at Elab > 225 MeV (EcN = 28.1 MeV) for the small orientation angles of target and projectile symmetry axis as shown in the right bottom panel of Figure  4 . During the formation of the Binuclear system at the capture stage there is an intense nucleon exchange between reacting nuclei. In the quasifission and fusion processes, an intense mass transfer takes place and, in depending on the entrance channel, the mass asymmetry degree of freedom may be fully or partially equilibrated.22 As a result, while DNS exists, we have an ensemble {Z} of the DNS configurations which contribute to the competition between complete fusion and quasifission with the probabilities {Yz}. Position of the maximum of the mass distribution is determined by the peculiarities of the nuclear shell structure and lifetime of the Binuclear system. Therefore, the statistical calculation of PCN(E*DNS,l) is performed by the formula:
where YZ(E*DNS,l) is the probability of population of the DNS configuration (Z, Ztot -Z) at E*DNS(Z) and l; Zsym = (Z1 + Z2)/2; Zmax corresponds to the charge asymmetry where the driving potential reaches its maximum (B*fus(Zmax) = 0) (see References 
